Background: Information on the morphometric character of indigenous sheep population in their habitat is prerequisite to set up the breed improvement under the farmer level in Ethiopia. Still, there is a long way to characterize, identify and document the existing indigenous sheep type. The study was conducted in Gamogofa zone of Southern Ethiopian with the objective of describing the morphological characterization of the indigenous sheep breed.
Background
About 29.33 million heads of sheep population are found in Ethiopia [1] . The sheep's are widely dispersed and adapted across the different agro-ecologies of the country, out of which about 72.77% are female and about 27.23% are males. Majority of the sheep are found in the highlands, while one-fourth of them are reared in the lowlands [2] . Morphological and molecular both characterizations of sheep breeds in the country are traditionally recognized by ethnic and/or geographic nomenclatures. Based on this, the sheep breeds have been classified into 14 traditional populations in 9 breeds within 6 major breed groups [3] . However, some parts of the country viz. Gambella regions and the northern part of Tigray bordering Eritrea were not considered in his study implying the possibilities of the existence of additional populations in the country.
Generally, the current state of knowledge on the characterization of farm animal generic resources in Ethiopia shows that there is still lack of information about
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Agriculture & Food Security *Correspondence: fhailema@gmail.com Department of Animal Science, College of Agriculture, Aksum University Shire Campus, Tigray, Ethiopia the production characters of local breeds managed in their native production system [4] although the country is widely known to possess a large population of livestock with enormous diversity. Indigenous sheep genetic resources have developed specific adaptations to survive and produce under adverse condition of climatic stresses, poor quality feed, seasonal feed and water shortage, endemic disease and parasite challenge that make them suitable for their use in the traditional, low-external-input production system [5] . Therefore, selection and breeding based on zoometric/morphometrical measurement, fast growth rate, good body size and conformation [6] could result in improvement in live weight of indigenous sheep and goat for meat production [7, 8] . The productivity of sheep as in the case of most of the ruminants is markedly low due to several genetic and environmental factors [9] .
The information on body measurement is the basis for the establishment of further advanced characterization, conservation, breeding and selection strategies for indigenous sheep breed [10, 11] and used to assess the type and function and the value of the animal as potential breeding stocks [12] . Body measurements are wellthought-out as qualitative development indicator which reflects the conformational fluctuations occurring during the life span of animals [13] .
Gamogofa zone is geographically located in Southern, Nation, Nationalities and Peoples of Regional State (SNNPRS) of Ethiopia. Even though the study area is rich in livestock resources including small ruminants, still there is a long way to go to characterize, identify and document the existing indigenous sheep type/s of the region. The overall objective of this study, therefore, was to describe the morphological of the indigenous sheep population of Gamogofa Zone based on their morphological and quantitative trait.
Methods
The study was carried out within the period October 2015 to May 2016 in four 'Woredas. ' The sampling frame was established using purposive sampling to selected the four 'Woredas' based on agroecology, sheep population distribution, availability of transportation and their contribution to farmers. From each selected 'Woredas, ' two rural 'Kebeles' were selected based on flock size, sheep population and agroecology area. The sample size was determined according to [14] , and based on this formula, the calculated sample size is 384 but, for the higher accuracy, the total number of sampling size for this study was increased to 736. Therefore, qualitative and quantitative measurements were made on 736 (181 males and 555 non-pregnant females in the proportion of 25 males/75 females) mature sheep were selected randomly (184 per district, 92 per rural 'Kebele'). Quantitative traits including body length, pelvic width, chest width, tail length, tail circumference, head length, head width, cannon bone length and width, horn length, ear length and scrotum circumstance were measured using measuring tape, and height at wither and shoulder width were measured using self-devised scale (which is locally made from wooden material), while the body weight was measured using suspended spring balance of 50 kg (weighing scale). The age of the animal was estimated by recall and dentition methods. Adult sheep were classified in to five groups; no pair of permanent incisors (0PPI), one pair of permanent incisors (1PPI), two pair of permanenet incisors (2PPI), three pair of permanent incisors (3PPI) and four pair permanent incisors (4PPI) to represent age of < 15, 15.5-20, 22.5-27, 28-36 and above 39 months, respectively.
Statistical analysis
Quantitative characters (body weight and linear body measurements) were analyzed using the Generalized Linear Model (GLM) procedures of the Statistical Analysis System (SAS, release 9.1, 2003). For adult animals, agroecology, sex and age group were fitted as fixed independent variables, while body weight and linear body measurements (except scrotum circumference) were fitted as dependent variables. Scrotum circumference was analyzed for each type by fitting agroecology and age group as a fixed factor. Mean separation was under taken when it was significant to reveal the difference between mean using Duncan multiple range test. The model to analyze body weight and linear body measurements was:
where Y ijk , the observed k (body weight or linear body measurement) in the ith agroecology, jth age group and kth sex; μ, overall mean; E i , the effect of ith agroecology (i = 'Dega, ' 'Wenya-dega'); A j , the effect of jth age group (j = 1, 2, 3 and 4); S k , the effect of kth sex (k = intact ram and ewe); (AS) ij , interaction effect of ith age group with jth of sex; e ijk , random residual error.
Body weight (BW) and other linear body measurements including chest girth (CG), body length (BL), wither height (WH), pelvic width (PW), ear length (EL), horn length (HL), tail length (TL), tail circumference (TC), head length (HL), head width (HW), shoulder width (SW), cannon bone length (CBL), cannon bone circumference (CBC) and Scrotum circumference (SC) were conducted for rams, whereas scrotum circumference (SC) was excluded from the analysis of ewes sheep.
Results

Qualitative character
The physical body characterization on sheep production is presented in Table 1 . Most of the sheep in the study
area were thin-tailed, and the most common type of tail in both rams and ewes was long thin-tailed (88.2%) having different coat colors. The major coat colors were plain black (34%), red (19.6%) and black dominant (11.8%). The dominant of black coat color is obvious in the cold region as the black coat helps in absorption of solar radiation thereby assisting in maintaining a body temperature of the animals. Almost all ewes (99.3%) and rams had no wattles. Most of the sheep had a straight tail at the tip (90.4%), while 9.6% had carved at the tip.
Effect of agroecology, sex and age on body weight and linear body measurement
Agroecology seemed to have been the highest contributing (P < 0.01) factors to the variation in linear body measurement (LBM) and body weight (BW) of sheep (Tables 2, 3 ). However, the result of Tables 2 and 3 indicates that, there is no significant (P > 0.05) variation in the different linear body measurement of head width (HW), shoulder width (SW), tail length (TL), and tail circumference (TC) for ewe and head width, head length, shoulder width, ear length, horn length and cannon bone length for ram. The difference in the linear body measurement and the body weight within the same sex with different agroecology might be due to the non-genetic factors (like feed quality and quantity, environmental factors, management level).
The body weight, chest girth, wither height, head length, body length and pelvic width of ewe sheep found in 'Wenya-dega' agroecology were significant (P < 0.01) higher than those in the 'Dega' agroecology. A similar trend was observed for body weight and linear body measurement of rams found in 'Wenya-dega' agroecology except for head length which is not significant (P > 0.05). The superiority in the body weight and linear body measurement of 'Wenya-dega' over 'Dega' agroecology could be a result of the difference in nutritional/feed availability, location, management level of the sheep and high population density in 'Dega' agroecology results more grazing/ feed resources shifts to crop production/cultivation.
The body weight of mature ram and ewe sheep found in 'Wenya-dega' agroecology was 29.38 and 25.13 kg, respectively. This value is higher than the body weight of mature rams and ewes reared in the Dega areas. As shown in Tables 2 and 3 , sex of the sheep had a significant (P < 0.01) effect on BW, WH, HW, CG, BL, SW, TL, TC, HL, CBL, and CBC. The study indicates that EL and PW were not significantly (P > 0.05) influenced by the sex. The difference in body weight and LBM of rams and ewes shows that these parameters are sex dependent. Scrotum circumference too increased with age and hence significantly (P < 0.01) differed from each other. The value of scrotum circumference obtained in the study was 22.75, 26.16 and 31.30 cm for the lower-age (1PPI), middle-age (2PPI) and higher-age groups (≥ 3PPI), respectively.
Body weight, chest girth, body length, wither height and shoulder width of ram sheep at one pair of teeth (1PPI) 
Correlation
The phenotypic correlation coefficients between body weight and linear body measurements within age group and sex are presented in Table 4 . The result of the study indicates that WH, HW, BL, CG, SW, CBL, CBW and TC were significantly (P < 0.01) correlated with BW at all of the age groups and in both of the sexes, while SC was also observed to be significantly (P < 0.01) correlated with the BW of the rams. The results further indicate that horn length (HOL) was significantly (P < 0.01) correlated with BW in ram at 1PPI age groups and ewes at 2PPI and ≥ 3PPI age group, while it was also significantly (P < 0.05) correlated with BW in ewe at the 1PPI age group. The results for the correlations between TL and BW indicate that it is significantly (P < 0.01) correlated with rams at 1PPI and 2PPI. It is also significantly (P < 0.05) correlated for rams at ≥ 3PPI age group. However, still, it is negative but significant (P < 0.01) for ewes at all age groups. The correlation values between TC and BW indicate that they were significantly (P < 0.05) correlated with the rams at 2PPI age group, while they were significantly (P < 0.01) correlated for all age groups and both sexes.
Discussion
The difference of linear body measurement and body weight within the same sex with different agroecology might be due to the non-genetic factors and also location. However, the result obtained in the present study was in consonance with the observation of Belete et al. [15] , and Kunene et al. [16] indicated that location was the highest contributing factor for the variation of linear body measurement and body weight of animals. The superiority in the body weight and linear body measurement of 'Wenya-dega' over 'Dega' agroecology could be a result of the difference in nutritional, location and management level of the sheep. The obtained result is in consonance with the result of Oke and Ogbonnaya [10] and Mengistie et al. [17] , and the variation in linear body measurement (LBM) was influenced by the location where an animal was raised and by its age [16] . In contrary to this result, Legaze et al. [18] reported that location effect showed a very low significance in the morphological traits, leaving a more important influence on the flocking effect nested into the location effect. The body weight of mature ram and ewe sheep found in 'Wenya-dega' agroecology was 29.38 and 25.13 kg, respectively. This result is in line with the body weight of afar and Menz sheep breed [19] . Birhan and Aynealem [20] reported a wide variation in growth performance between districts could be an advantage to improve the genetic potentials of local sheep with a long-term selection effort. Scrotum circumference of rams for 'Wenyadega' agroecology was wider than for 'Dega' rams. This may be due to existing of the nutritional level of the feed. According to the report of Nugussie et al. [21] , feeding high quality and quantity of feed could enhance testicular growth as the indicator of the scrotum circumference.
Body weight of mature ewe flocks found in this study is comparable to the reports from in Bensa district of southern Ethiopia and Sub-Saharan Africa [22, 23] . The effect of sex on body weight, chest girth, pelvic width and wither height obtained in this study is comparable to the value of Bonga, Abergelle, Washera and Gumuz sheep breed [13, 17, 24, 25] . The average value of body length (65.49 cm ram and 62.43 cm ewe) obtained in the study was higher than the average body length of central highland sheep, Afar and Menz sheep breed [13, 19] and Washera sheep of western highland sheep [17] . The average value of chest girth both for the rams (75.86 cm) and ewes (70.98 cm) was also comparable to the average value of Abergelle sheep breed [13] .
Body weight and body measurements of body length and chest girth obtained in this study are comparable with the previous report on Washera sheep under traditional management system [17] but higher than the sheep type found in Bale zone [15] . Body weight obtained at the higher-age group of ewes and rams in the in the study is comparable with the on-farm study by Tesfaye [19] for Afar ewes and rams and higher than Menz ewes and rams. Body weight and body measurement of mature sheep in the present study are higher than values reported for Abergelle sheep breed under the traditional management of Northern Tigray [26] but lower than Gumuz sheep breed [25] . Similarly, the chest girth obtained at the lower-age group (1PPI) in the present study was higher than the chest girth for Menz and Horro sheep at 365 days [27] .
The head width and shoulder width obtained in this study were lower than Yakassa and Balami sheep breed of Nigeria [11] and longer head length and wider head width for West Africa dwarf sheep [7] .
Pelvic width at the oldest age group obtained in this study is comparable with the result of Mengistie et al. [17] , and the relatively lower body weight for both ram and ewes recorded in the current study than by Adilo for ewe, Bonga, Horro and Gumuz [24, 28] might be attributed to the difference in the level of management, genetic factor and related to the location effect.
The average value of tail length for mature ewes and rams obtained in the study was lower than the average value of Gumuz and Washera ewe and rams with an onfarm management [25, 29] and longer than Afar ewe and rams [19] .
The observations pertaining to the correlations between linear measurements and BW have also been more or less documented [10, 19, 25, 29] . The moderate to high correlation coefficients between body weight and linear body measurements for all age groups suggest that either of these variables or their combination could provide a better evaluation for forecasting live weight of sheep.
Conclusion
Gamogofa sheep population is a multicolored breed and identified as thin-tailed with the straight tail form at the tip. Agroecology, sex and age group had a significant (P < 0.01) effect on body weight and linear body measurement. The body weight of rams and ewes in 'Wenyadega' were higher when compared to the body weight of ram and ewes of 'Dega' agroecology, respectively. Generally, positive and significant (P < 0.01) correlation was obtained between the body weight and most of the linear body measurement. Therefore, it strongly recommended that further genetic analyses should be used to determine the genetic variation between and within these small populations to develop an effective conservation and utilization program.
